Abstract. Although exotic plant invasions are one of the most important components of global change, previous studies have found some of the alien species to provide resources and/or conditions to native biota. One example of this is the saltcedar (Tamarix ramosissima). This exotic invasive tree has been related to several dramatic environmental changes in North America. However, previous studies suggest that they offer resources and conditions for native biota, such as the threatened southwestern willow flycatcher (Empidonax traillii). In this study, we surveyed avian communities and bird nests at sites severely invaded by saltcedars, moderately invaded sites, and non-invaded sites in northwestern Mexico. Our results show that although bird species richness and abundances do not differ among the studied conditions, species composition did. Also, bird nest density differed among the studied conditions, with non-invaded sites having the highest functional diversity of nesting birds. We suggest that future studies should gather natural history and ecological information that allows managing this invasive species correctly both in the USA and Mexico.
Introduction
The invasion of exotic species is one of the most important components of global change, posing severe threats to biodiversity, ecosystem functioning, resource availability, economy, and even human health (Czech et al., 2000; IUCN, 2000; Ricciardi et al., 2000) . The establishment of exotic species grows annually along with their negative effects throughout the globe (Vitousek et al., 1997) . Specifically, the invasion of exotic plants has been widely studied. Results from previous investigations show both detrimental effects and positive ones, such as providing some ecosystems services (Pejchar and Mooney, 2009) ; however, such positive effects are specific and often overridden by their costs (Vitousek et al. 1997) .
Saltcedars (Tamarix spp.) are Eurasian trees that were introduced in the 1800's to semiarid riparian systems in southern USA and northern Mexico with 2 main purposes: as wind barriers among crop plots, and as shade providers for cattle (Brock, 1994) . Saltcedar populations increased dramatically in the 1960's (Robinson, 1965) . Their establishment has been related to many environmental alterations, such as river morphology modifications, increasing soil salinity, displacing native vegetation, and modifying fire regimes (Dudley et al., 2000; Zavaleta, 2000; Lewis et al., 2003) . Since saltcedars covered extensive areas in the USA, an intensive biological control program was developed several years ago (USDA, 2005) . As many as 80 000 ha in Colorado, Utah, and Nevada are now completely cleared from this exotic species thanks to the use of the saltcedar leaf beetle as a biological control agent (Diorhabda elongata; De Loach et al. 2009 ). The saltcedar leaf beetle was not as successful in Texas due to climatic mismatches; however, another closely related species (D. sublinneata) was used. Since 2009, this leaf beetle has expanded its populations and decimated saltcedars southward down to Mexico (Zamorano, 2012) .
Apart from saltcedar invasion, the environmental status of rivers in northern Mexico is worrisome. Among the main alterations, changes in water flow, damming, and underground water pumping head the list (Zavaleta, 2000) . Altogether, the environmental status of rivers per se and the presence of aggressive exotic plant species (e.g., saltcedars, giant reeds-Arundo donax) have generated a complicated scenario for the wildlife associated to riparian systems, representing a severe threat for them. Some authors claim that among other wildlife groups (e.g., insects, reptiles, amphibians; King, 2005) , birds use saltcedars as surrogate habitat, even for nesting (Hunter et al., 1985; Suckling et al., 1992; Guertin, 2003; King, 2005; Sogge et al., 2008) . One example of this is the threatened southwestern willow flycatcher (Empidonax traillii). In fact, Paradzick (2005) found that southwestern willow flycatchers tend to select similar habitat traits in cottonwood-willow and saltcedar habitat patches. However, other studies have found negative effects of saltcedars on birds, diminishing species richness and abundance in severely invaded areas (Anderson et al., 1983; Anderson and Ohmart, 1984; King, 2005) , with species-dependent effects (van Riper III et al., 2008) .
Even though saltcedars have invaded many areas of northern Mexico, few studies have documented their effects on the native biodiversity of this country (Scott et al., 2009) , and little is known about the threats that saltcedars pose to Mexican bird communities. Previous studies carried out in the USA show that saltcedar invaded areas can support up to 49 bird species; however, its quality as habitat varies across sites (Sogge et al., 2008) . In this study, we assessed shifts in bird communities associated to the recent local invasion of saltcedars in northwestern Mexico (as suggested by Hunter et al., 1985 Hunter et al., , 1988 . For this, we surveyed bird communities at severely invaded sites, moderately invaded sites, and non-invaded sites, contrasting diversity and composition metrics (i.e., species richness, relative abundance, species turnover). We also assessed the role that saltcedars play as nesting sites for birds.
Materials and methods
Study area. This study was carried out in the surroundings of the Ajos-Bavispe National Forest Reserve in Sonora (30º40'32.4" N, 109º21'10.9" W), located in northwestern Mexico, along the banks of the Bavispe river (Fig. 1) Van de Vender, 2010) . The conservation status of riparian vegetation in the Sonoran Desert is of special concern since there have been many hydrological exploitation projects that diverted water flows from most of the region's major rivers (including the Bavispe river) by constructing dams and associated irrigation canals. Inundating vegetation in reservoirs behind dams and changes in river flows are among the most severe pressures to threatened plants and nesting birds in the Mexico-USA borderlands (Zamorano, 2012) . Groundwater pumping for agricultural and domestic purposes is also severe in the region and has affected nearly all river valleys leading to ground subsidence, salinization, and threatening riparian forests in the Sonoran desert (Nabham and Holdsworth, 1998). Bird and nest surveys. We surveyed diurnal breeding birds from 07:00-11:00 in June 2011 using 5 min point counts (25 m radius) located at least 250 m apart from each other to assure survey independence (Ralph et al., 1996) . We used limited-radius point counts for assuring that all birds recorded were actively using the surveyed area and not nearby conditions with different habitat attributes, and to maintain an identical sampled area per point count. All birds seen or heard using the sampled area (e.g., perching, foraging, nesting) were recorded and included in our analyses.
We established survey sites in 3 habitat conditions related to saltcedar invasion: 1) severely invaded sites (> 90% saltcedar cover), 2) moderately invaded sites (presence of saltcedars embedded in native plant communities), and 3) non-invaded sites (absence of saltcedars). Due to the nature and distribution of these conditions we could not proceed with a balanced design. Thus, we performed 8 point-counts in severely invaded sites, 3 in moderately invaded sites, and 11 in non-invaded sites.
For nest surveys, we located a total of 32 sampling plots near to the point counts. Of them, 12 were located in severely invaded sites, 5 in moderately invaded sites, and 15 in non-invaded sites. We defined 25 m radius survey areas at each nest sampling plot where we searched for nests in all vegetation strata with equal sampling efforts (20 min, 2 observers). Within each plot, we recorded all nests found and identified the species that built them whenever possible. Habitat characterization. To characterize vegetation traits in our survey sites, we recorded 13 variables within the 25 m radius where birds were surveyed: 1) tree cover, 2) tree species richness, 3) tree maximum height, 4) tree minimum height, 5) dominant tree species, 6) shrub cover, 7) shrub species richness, 8) shrub maximum height, 9) shrub minimum height, 10) herb cover, 11) herb species richness, 12) herb maximum height, and 13) herb minimum height. Analyses. To contrast bird species richness values, we compared the species richness statistical expectation for each condition using EstimateS (Colwell, 2008) . This expectation is generated by the repeated re-sampling of all pooled samples, allowing the statistical comparison of different habitats/treatments (Gotelli and Colwell, 2001 ). To determine if species richness values were statistically different among the studied conditions, we compared their 84% confidence interval (CI). If their CIs did not overlap, we considered the data to be statistically different with an alpha= 0.05 (following Payton et al., 2003; MacGregorFors and Payton, 2013) . To assess if bird abundances differed among habitats, we used a Kruskal-Wallis test. To assess bird community composition shifts, we used a BrayCurtis multivariate cluster analysis (single linkage), based on the abundance-based version of Bray and Curtis's (1957) species turnover index using BioDiversity Pro (McAleece, 1997) . This analysis outputs a dendrogram with the single linkage similarity among the compared conditions. To assess if habitat traits were related to bird community richness and abundance, we performed regression trees using R (R Development Core Team, 2010). Regression trees allow the interpretation of datasets where complex nonlinear relationships occur between the set of response and predictor variables (Deíath and Fabricius, 2000) . This analysis uses binary recursive partitioning to identify threshold values of a set of predictor variables, which can be a mix of continuous and categorical variables that are related to the response variable. Thus, regression trees identify successive critical values of predictor variables splitting the response variable in a dichotomous and hierarchical manner (Palomino and Carrascal, 2007) . These types of trees are analogous to multiple regression models, specifically those using forward selection of predictor variables (Crawley, 2007) . Finally, we report the number of nests found in severely, moderately, and non-invaded sites, using a Fisher's exact test to assess differences in the frequency of nests we could identify. We used this test as it is most suitable for small sample sizes.
Results
Due to the nature of our sampling design, with incomparable numbers, we could not contrast bird species richness expectations using one single comparable accumulated abundance cut-off, as suggested by Moreno (2001) and Magurran (2004) . Thus, we used 2 abundance cut-off values, given by the least total abundance in the less abundant conditions. Bird species richness values did not show significant differences among the studied conditions using both cut-off values: 1) 11 individuals (total abundance recorded at moderately invaded sites): severely invaded= 8.4 ± 1.4, moderately invaded= 8.0 ± 3.3, non-invaded= 8.4 ± 1.6 computed species, and 2) 31 individuals (total abundance recorded at severely invaded sites): severely invaded= 16 ± 3.3, non-invaded= 17.3 ± 3.0. Similarly, relative abundances did not differ significantly among the studied conditions (individuals / point count: H 3,23 = 5.7, p= 0.12). The Bray-Curtis multivariate cluster analysis revealed that the studied bird communities were highly different among conditions, regardless of their closeness, showing low average similarity among them (~33% similarity). Specifically, the most similar paired comparison was 'severely invaded-non-invaded' (38.1%), while the most dissimilar was 'moderately invaded-noninvaded' (25.4% similarity). Only 3 of the 13 measured explanatory variables were considered by the regression tree analyses for both bird species richness and abundance: 1) tree cover, 2) shrub cover, and 3) tree maximum height. In both cases (i.e., bird richness, abundance), tree cover was the variable that explained most of the variation and was positively related.
We found a total of 43 bird nests in the sampled plots, of which 49% corresponded to 3 generalist bird species: 1) Sinaloa wren (Thryothorus sinaloa), 2) common grounddove (Columbina passerina), and 3) gila woodpecker (Melanerpes uropygialis). When we calculated the relative number of recorded nests per condition (total number of nests / plot), moderately invaded areas ranked highest (2 nests / plot), followed by severely invades sites (1.4 nests / plot), and non-invaded sites (1.06 nests / plot). Although we could not determine the exact species related to all recorded nests because they were not active and were presumably from a prior breeding season (32% unidentified nests), results from the set of nests that could be identified indicate a higher number of species nesting in non-invaded sites (6 species, including unidentified hummingbirds, verdins-Auriparus flaviceps, vermilion flycatchersPyrocephalus rubinus, and house finches-Haemorhous mexicanus). On the other hand, severely invaded sites had nests of 5 identified species, and moderately invaded sites only had nests of 3 bird species (Table 1) . The Fishe's exact test revealed significant differences in the number of species nesting among the 3 studied saltcedar invasion conditions (p= 0.004).
Discussion
Ecosystem alterations, including the impacts of invasive exotic species, jeopardize the demographic status of native species worldwide. In fact, the negative impacts of invasive exotic species can go beyond the loss of certain species, impacting several ecological aspects including negative effects on native species' populations, communities, biotic interactions, and even ecosystem processes (Vila et al., 2011) . Moreover, the presence and effects of invasive species often imply substantial economic losses, severe sanitary problems, and therefore represent a direct threat to human health (Simberloff, 1996; Pimentel et al., 2001 ). In Mexico, there is a dearth of knowledge about the biology and ecology of most invasive exotic species. For most invasive species, we ignore the consequences of their presence on biodiversity, ecosystem processes, and their effect on the human communities that directly interact with them. We do know that there are at least 800 exotic invasive species in the country and most of them, are plants (83%; Aguirre-Muñoz et al., 2009) . In this sense, the study of the ecology and impacts of invasive species, and particularly of the aggressive Tamarix ramosissima in northern Mexico, are crucial to understand them and therefore create a solid background that justifies the implementation of control strategies.
Previous studies show that the response of bird communities to the invasion of saltcedars can vary. Although the dominance of saltcedars often reduce bird species richness and abundance (Anderson et al., 1983; Anderson and Ohmart, 1984) , the presence of this exotic invasive plant has also resulted in the increase of both bird species richness and abundance under certain conditions (Brock, 1994; King, 2005; van Riper III et al., 2008) . In this study, bird species richness and abundance did not show significant differences in the studied conditions, not matching any of the previous studies we know of. This result could be due to several non-exclusive factors, such as: 1) the time-scale of our study, 2) the recent invasion of saltcedars in our study area (1970s-1980s) resulting in a time-lag between the invasion process and the response of bird communities, 3) the importance of tree cover as an explanatory variable of bird species richness and abundance, regardless of the species it is comprised by, and 4) a possible landscape configuration that results in sink-and-source dynamics, with invaded areas having low habitat quality, and thus, high avian mortality, and noninvaded areas generating enough individuals to support similar numbers in all conditions (Hunter et al., 1988) . Recording a similar number of individuals of a similar number of species in the 3 studied conditions suggests that saltcedar stands offer suitable conditions for a set of bird species (as suggested by van Riper III et al., 2008) . However, our bird composition analysis revealed high dissimilarity among the recorded bird communities (~67% dissimilarity), showing that the studied conditions offer resources for different birds, with saltcedars incorporating novel resources into the landscape (van Riper III et al., 2008) .
Our surveys show that birds are using saltcedars for nesting when areas are severely invaded, but not in moderately invaded areas, where birds preferred to nest on native plant species (e.g., mesquites, cottonwoods, acacias). This result indicates that plant composition including native species is crucial for nesting birds, as birds prefer them over exotic species. We recorded several common ground-dove nests in severely invaded sites and none in the other studied conditions. Common gound-doves are a common generalist species capable of breeding in diverse habitats throughout the region, preferring disturbed conditions (Hensley, 1959; Short, 1974; Howell and Webb, 1995) . We also recorded 2 Zenaida dove nests and 2 Sinaloa wren nests in severely invaded sites. As common gound-doves, Zenaida doves are also a generalists species associated with open and disturbed areas; while Sinaloa wrens where the most abundant nester in the study area, with the least number of nests recorded in severely invaded sites. Interestingly, only 47% of the recorded nests in severely invaded sites were constructed on saltcedars. We found a low number of nests (n= 10) at moderately invaded sites; however, at this condition none of the nests were constructed on saltcedars. Not surprisingly, we recorded a higher number of nesting species pertaining to different functional groups (i.e., omnivore, insectivore, granivore, nectarivore) at noninvaded sites. Additionally, we recorded an important number of Sinaloa wren nests (n= 7) at non-invaded sites. Among the other species recorded nesting at non-invaded sites, the vermilion flycatcher was also recorded nesting in severely invaded sites. This is completely expectable, as it is a common insectivore species associated to disturbed areas and known to nest near water sources (Howell and Webb, 1995) . Aside of this species, we recorded 1 gila woodpecker nest, 1 verdin nest, and 1 house finch nest at non-invaded sites. Although all these species are common and nest widely in the study area, we did not record them nesting in severely invaded sites.
In summary, our results show, for the first time in saltcedar invaded areas in Mexico, that although bird diversity values (i.e., species richness, abundance) did Hummingbird (1) Pyrocephalus rubinus (1)
Thryothorus sinaloa (7)
Auriparus flaviceps (1)
Haemorhous mexicanus (1)
Undetermined (4) not differ among severely invaded, moderately invaded, and non-invaded sites, species composition varied greatly with the invasion and degree of dominance of this exotic invasive plant species, suggesting that invaded and noninvaded sites offer a different array of resources for birds. Most interestingly, we found that bird only nest in saltcedars when the exotic invasive tree is dominant, while non-invaded sites had a higher amount of nests pertaining to a wider array of birds, both taxonomically and functionally. It is noteworthy to underline that we did not record any threatened bird species in areas invaded by saltcedars, including the southwestern willow flycatcher, which is of conservation concern in the USA. Although our results are quite robust and suggest a concrete response of birds to saltcedar invasion in northwestern Mexico, we suggest that future studies gather multi-taxonomic data in order to generate information that could aid to develop management plans, precise policy making, and further actions to diminish, or void, the ecosystem effects that saltcedar have on recently invaded systems. We strongly suggest to take into consideration the role that saltcedars are playing in Mexican ecosystems, particularly in agroecosystems across Chihuahua and Sonora in order to avoid social discontent since people have actively planted them in some areas to increase shade for cattle and as wind-barriers among agricultural plots.
